-2-One of the principal motivations for accelerating heavy-ion beams to relativistic energies is the hope of producing and studying matter at baryon densities greater than·are found in atomic nuclei. However, information about the properties of the dense matter thus created is obscured by the fact that the matter remains hot and dense only for a -22 very short time, <10 sec, and our observations are limited to the products emitted as it disassembles. We present arguments that the ratio Rdp of deuterons to protons is established during the early stages of the fireball's existence, and is little changed by the later processes of expansion and disassembly. We show that the ratio Rdp is proportional to the density of neutrons in phase (momentum x position) space, and thus measures the specific entropy of the fireball. Applying our arguments to recent measurements 1 of Ne + NaF and Ar + KCl at 100 to 200
MeV/nucleon c.m. kinetic energy, we find that a surprisingly large region of phase space is populated. This could be explained by strong.
attractive interactions in the hot dense matter, or by a proliferation of the degrees of freedom sharing the excitation energy. The rate of approach to the equilibrium concentration is governed 4 by the collision frequency, with a time constant equal to
re where ~ is the nucleonic density. Since a(N+d ~ n+p+N) is similar to elastic nucleon cross·sections, the equilbration of deuteron number will be just as rapid as the thermalization of the nucleonic momentum distributions. Thus Rdp will be in equilibrium through the hydrodynamic expansion.
5 In fact, since Rdp is just given by the mean density of neutrons in phase space ( d ) , we can relate Rd to the entropy per -n P .
neutron S carried by the neutrons To judge the significance of the result, we show the predictions for entropy versus excitation energy for a very soft equation of state at various densities in Fig. 2 . The energy per baryon is given by
where n is the baryon number density, n is the density of normal matter 0 with compressibility K, and EFG(n,S) is the energy per baryon of a free fermi gas (evaluated in the limit of low degeneracy, corresponding to eq. 3). We see that much more entropy is created than would be expected from even such a soft equation of state for nucleons as this.
Even the inclusion of real pions in the system does not give enough entropy. This is especially surprising in light of the fac:t that such diverse dynamical models as fluid dynamics 7 and intranuclear cascade 8
predict maximum compressions of three to four.
The interesting conclusion that seems to be forced on us is that more entropy is generated during the collision than we would naively expect.
9 .
It could be that there are strong attractive forces present in the hot, dense nuclear medium, thus raising the entropy. It could also be that many more mesonic and baryonic particulate degrees of 10 freedom are excited at this energy than suspected.
Or it could be that collective degrees of freedom, such as due to pion condensation, 11
are the culprits. Or perhaps the nucleons dissociate into quarks.
In any event it is important to make measurements fo~ excitation functions, and to use heavier nuclei to reduce any unwanted surface effects. Clearly it is also important to perform more detailed numerical calculations to further support the scenario d~scribed in this letter. These could take the form of deuteron production rates in two Energy per Baryon (MeV)
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